Nitrile-forming eliminations from (E)-2,4,6-(NO 2 ) 3 C 6 H 2 CH=NOC 6 H 4 -2-X-4-NO 2 (1) promoted by R 3 NH/ R 3 NH + in 70 mol % MeCN(aq) have been studied kinetically. When X = NO 2 , the reactions exhibited secondorder kinetics as well as Brönsted β = 0.63 and |β lg | = 0.34-0.46, and an E2 mechanism is evident. As the leaving group was made poorer (X = H, Cl, and CF 3 ), Brönsted β value increased from 0.63 to 0.85-0.89 without much change in the |β lg | value E2, indicating that structure of the transition state changed to an E1cb-like with extensive C β -H bond cleavage, significant negative charge development at the β-carbon, and limited C α -OAr bond cleavage.
Introduction
Base-promoted elimination reactions of (E)-benzaldehyde O-aryloximes have been extensively investigated under various conditions. [1] [2] [3] [4] [5] [6] We have employed mono-substituted phenyl and 2,4-dinitropheny groups as the β-aryl group and 4-nitrophenoxy, 2,4-dinitrophenoxy, and picrate as the leaving group, and HO − in 60% DMSO(aq), RO − in ROH, R 2 N in MeCN, and R 3 N/R 3 NH + in 70 mol % MeCN(aq) as the base-solvent system, respectively. In all cases, the reactions proceeded by the E2 mechanism despite the fact that the reactants have syn stereochemistry, poor leaving, and sp 2 hybridized β-carbon atom, all of which favor E1cb-or E1cb-like transition state. Very recently, we discovered an (E1cb) irr mechanism for the reaction of (E)-2,4,6-(NO 2 ) 3 C 6 H 2 CH=NOC(O)C 6 H 5 (2a) with R 2 NH in MeCN. 7 The result has been attributed to the strong electron withdrawing ability of β-aryl group and the poor leaving group ability the benzoate.
The result is somewhat surprising, since MeCN is a poor anion solvating solvent that stabilizes E2 transition state with maximum charge dispersal. We were interested in learning whether the occurrence of in the (E1cb) irr mechanism might be due to the strongly anion-stabilizing β-aryl group in 2a. To provide a better insight the nitrileforming transition state, we have now studied the reactions of (E)-2,4,6-(NO 2 ) 3 C 6 H 2 CH=NOC 6 H 4 -4-X (1a-d) with R 3 N/R 3 NH + in 70 mol % MeCN(aq) (eq. 1). Since the pK a values of benzoic acid and 4-nitrophenol are identical in MeCN, 8 a similar mechanism should be anticipated, if the above interpretation could be applied. Herein, we report the similarities and differences in the nitrile-forming eliminations from 1a-d and 2a.
Results
(E)-2,4,6-Trinitrobenzaldehyde O-aryloximes 1a-d were prepared by reacting appropriate O-arylhydroxylamines with (E)-2,4,6-trinitrobenzaldoxime in ethanol as described previously.
9-11
The reactions of 1a with Et 3 N/Et 3 NH + in 70 mol % MeCN(aq) produced 2,4,6-trinitrobenzonitrile in 94%. No trace of (E)-2,4,6-trinitrobenzaldehyde oxime could be detected by TLC. For all reactions, the yields of aryloxides determined by the comparing the absorbance of the infinity samples from the kinetic studies with those of the authentic aryloxides were in the range of 95-98%.
The rates of elimination reactions were followed by monitoring the increase in the absorption at the λ max for the leaving groups in the range of 400-426 nm. Reactions were followed under pseudo-first order conditions employing at least a ten-fold excess of base. Plots of ln(A ∞ -A t ) versus time were linear over at least three half-lives of the reaction. The rate constants (k obs ) are the averages of more than triplicate runs and the correlation coefficients are better than 0.995 in all cases. The rate constants are summarized in Tables S1-4 in Supporting Information. The plots of k obs versus base (1) concentration for the reaction of 1a-c were straight lines passing through the origin, indicating that the reactions are second-order, first order to the substrate and first order to the base ( Figure Sl-6 ). The slopes are the overall second-order rate constants k 2 . The rate constant for eliminations from 1d were determined at a single base concentration and the k 2 values were obtained by dividing the k obs by the base concentration. The k 2 values are summarized in Table 1 .
The plots of k 2 values for 1a-d against the pK a values of the base are depicted in Figure 1 . The rate data show linear Brönsted correlation with scattered points. The β values are in the range of 0.63-0.89 and decrease as the leaving group ability of the aryloxide increase, although no clear trend is observed for 1a and 1b (Table 2) . Similarly, the elimination rates determined with different leaving groups correlated reasonably well with the leaving group pK lg values (Fig. 2) . The |β lg | values are in the range of 0.34-0.46 and decrease as the pK a value of the base increase (Table 3) .
Discussion
Mechanism of Eliminations from 1. Results of kinetic investigations and product studies reveal that the reactions of 1a-d with R 3 N/R 3 NH + in 70 mol % MeCN(aq) proceed by the E2 mechanism. The reactions produced the elimination products exclusively. Since the reactions exhibited secondorder kinetics, all but bimolecular pathway can be ruled out. The (E1cb) R , (E1cb) ip , and internal return mechanisms were ruled out by the observed general base catalysis with the Brönsted β ranging from 0.63 to 0.89 because such mechanisms would exhibit either a specific base catalysis or Brönsted â values near unity. 12 In addition, the possibility that the values is negated by the interaction coefficients, i.e., p xy = ∂β/∂pK lg = ∂β lg /∂pK BH > 0 (vide infra).
Mapping of the E2 Transition State. The structure of the transition state may be assessed by the Brönsted β and |β lg | values. The Brönsted β values indicate the extent of proton transfer in the transition state. For R 3 N-promoted eliminations from 1d, the value of β = 0.63 was determined (Table 2 ). This indicates more than half proton transfer in the transition state. The |β lg | values are usually taken as the extent of the leaving group cleavage. However, it should be noted that the values of |β lg | are not restricted to 0-1. In fact, for reactions involving loss of arenesulfonate in the ratedetermining step, they range up to nearly 3.
14 For keteneforming eliminations from aryl p-nitrophenylacetates, the maximum values of |β lg | = 1.34 was reported. 15, 16 Therefore, the measured values of |β lg | = 0.34-0.46 for R 3 N-promoted eliminations from 1 can most reasonably be interpreted with a limited extent of N α -OAr bond cleavages in the transition state. The combined results reveal that the nitrile-forming elimination from 1d proceeds by the E2 mechanism with significant C β -H bond cleavage and limited N α -OAr bond cleavage. Hence, it seems reasonable to locate the transition state at A in the More-O'Ferrall-Jencks diagram (Fig. 3) .
This conclusion is supported by the interaction coefficients. Table 2 shows that the β values for 1 decrease, as the leaving groups are made less basic. This effect corresponds to a positive p xy interaction coefficient, p xy = ∂β/∂pK lg, which describes the interaction between the base catalyst and leaving group. 12, 13 The observed increase in the |β lg | values as the catalyst is less basic is another manifestation of this effect, i.e., p xy = ∂β lg /∂pK BH > 0 (Table 3) . On the More-O'Ferrall-Jencks energy diagram in Figure 3 , a change to a poorer leaving group will raise the energy of the bottom edge of the diagram shifting the transition state toward the product and E1cb intermediate. The transition state will then move toward the left as depicted by a shift from A to B on the energy diagram, resulting in an increase in β (Fig.  3) . 12, 17, 18 Similarly, a stronger base will raise the energy of the right side of the energy diagram and shift the transition state from A to C to decrease the extent of N α -OAr bond cleavage and |β lg | (Fig. 3) . 12, 17, 18 The positive p xy interaction coefficient are not consistent with an E1cb mechanism for which p xy = 0 is expected , but provide additional support for the E2 mechanism.
12,17,18
Effect of the Leaving Group on the Nitrile-Forming Transition State. Table 4 compares the transition state parameters for the eliminations of (E)-2,4,6-(NO 2 ) 3 C 6 H 2 CH = NOC(O)Ph 7 and (E)-2,4,6-(NO 2 ) 3 C 6 H 2 CH=NOC 6 H 4 -4-NO 2 determined under comparable conditions. The two reactions proceeded at comparable rates. However, Brönsted β and |β lg | values were significantly larger for 1a-d, indicating greater extents of C β -H and N α -OAr cleavage in the transition state. Moreover, 1a-d react by the E2 mechanism, whereas 2a reacts by the (E1cb) irr mechanism. The dichotomy between these two reactions can be explained by assuming syn-transition state for 1a-d and cyclic transition state for 2a (Chart 1).
In TS2, the carbonyl oxygen atom can participate in the hydrogen bonding with the B-H proton to help stabilize the negative charge developed at the β-carbon in the (E1cb) irr transition state. On the other hand, aryloxide leaving group in TS1 cannot provide such stabilizing effect and the syntransition state appears to be the favored alternative.
In conclusion, we have studied the reactions of (E)-2,4,6-trinitrobenzaldehyde O-aryloxime with R 3 NH/R 3 NH + in 70 mol % MeCN(aq). The reactions proceeded by an E2 mechanism. The structure of the transition state changes from E2-central (1d) to E1cb-like (1a-c) as the leaving is made poorer. The (E1cb) irr mechansim observed in the elimination from 2a appears to be due to the participation of the carbonyl oxygen atom in the leaving group in the 6-membered hydrogen bonding that stabilized the carbanion intermediate.
Experimental Section
Materials. (E)-2,4,6-Trinitrobenzaldoxime was synthesized as reported previously.
9-11 All of the (E)-2,4,6-trinitrobenzaldehyde O-aryloximes were prepared by the reactions of 2,4,6-trinitrobenzaldehyde with appropriately substituted Oarylhydroxylamines in the presence of catalytic amount of HCl. HRMS and elemental analysis results for 1d could not be performed because they decomposed after several hours. However, the NMR data of the compounds were consistent with the proposed structures. The yield (%), melting point Reagent grade acetonitrile and tertiary amines were fractionally distilled from CaH 2 . The solutions of R 3 N/R 3 NH + in 70 mol % MeCN(aq) were prepared by dissolving equivalent amount of R 3 N and R 3 NH + in 70 mol % MeCN(aq). In all cases, the ionic strength was maintained to 0.1 M with
Kinetic Studies. Reactions of 1 with R 3 N/R 3 NH + in 70 mol % MeCN(aq) were followed by monitoring the increase in the absorbance of the leaving aryloxide at 400-426 nm with a UV-vis spectrophotometer as described previously.
1,15
Product Studies. The product of eliminations from 1a promoted by Et 3 N/Et 3 NH + in 70 mol % MeCN(aq) was identified by as described. 19 The product was 2,4,6-trinitrobenzonitrile with mp 135-156 °C (lit.
20 mp 134-135 °C). The yield of 2,4,6-trinitrobenzonitrile was 94%. Also, the yields of aryloxides from the reactions of 1 determined by the comparing the UV absorptions of the infinity samples with those of the authentic aryloxides were in the range of 95-98%.
Control Experiments. The stabilities of 1 were determined as reported earlier. 6, 19 The solutions of 1a-c in MeCN were stable for at least two days when stored in the refrigerator. However, the solution of 1d was stable for only 3 hours. 
